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Abstract
The continuous development of the use of rubber products in all areas and implicitly, of the rubber processing
industry imperatively requires the recycling of elastomers from disused vulcanized products such as tires, air chambers
and technical articles. Large stockpiles of waste tires are generated each year all over the world. These deposits are
dangerous not only due to potential environmental threat, but also from fire risk and they can provide breeding
conditions for rats, mice, vermines and mosquitoes. An increasingly important environmental problem becomes the
reuse of these waste tires. The possibility of using them in construction sector which is one of the most consuming of
the raw materials is very important in terms of environmental protection, sustainability and economic gains. In this
context, the paper presents a research that contributes to reaching the objective of producing new efficient and
ecological building materials by recycling rubber waste resulting from all activity areas that use rubber materials, and
particularly from used tires. The aim of the research is to elaborate a technology for the manufacture of efficient and
ecological mortar, using rubber granules as an aggregate. The paper presents the materials and the methods used, as
well as the technology for the manufacture of mortar containing rubber granules. The results obtained following the
tests performed in test tubes using two different mortar recipes demonstrated the possibilities of manufacturing mortars
with good mechanical characteristics, having at the same time a good thermal insulation capacity and an increased
impermeability that recommend them for wet environments.
Keywords: recycling, ruber waste, used tires, ecological mortar.
1. Introduction
The continuous development of the use of
rubber products in all areas and implicitly, of the
rubber processing industry imperatively requires the
recycling of elastomers from disused vulcanized
products such as tires, air chambers and technical
articles. Large stockpiles of waste tires are
generated each year all over the world.
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These deposits are dangerous not only due to
their potential environmental threat, but also from
fire risk and they can provide breeding conditions
for rats, mice, vermines and mosquitoes [5, 2, 3].
Waste tires affect the environment due to their
carcass shape and the lifetime of rubber fiber which
is very resistant to environmental degradation. The
disposal of waste tires to inappropriate places poses
public health risks due to the breeding of
mosquitoes and other pests. Burning the tires will
pollute the air with smoke and the water with oil [1].
In the European Union, since 2003, the Directive
99/31/CE on the disposal of wastes in landfills has
established that whole unserviceable tires cannot be
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disposed in landfills and since 2006, tires cannot be
sent to landfills even after grinding [6].
One major consequence of the environmental
impact of used tires is the search for alternatives for
their disposal [1].
At the end of their life cycle, depending on
wear conditions, tires can most effectively be used
by repair and retreading procedures. Because not all
used tires can be retreaded and the number of
possible retreadings is extremely limited depending
on the standard size (1÷3 retreadings), all produced
tires eventually become used non-retreadable tires.
An increasingly important environmental
problem becomes the reuse of the waste vehicle
tires. The possibility of using these wastes in
construction sector which is one of the most
consuming of the raw materials is very important in
terms of environmental protection, sustainability
and economic gains [5, 4, 7].
In the field of construction, researches on
rubber waste were published in the early 1990’s.
Engineers Eldin and Senouci demonstrated that
rubber particles may improve workability,
compressive and tensile strength, and increase the
elastic modulus. Workability decreases with the
increase in the rubber percentage, because of the
increase of the viscosity of the mixture. Following
tests, compressive strength at 28 days proved to
decrease non-linearly when the rubber percentage
increased [3].
Tests were performed on rubber granule
concrete regarding the aggressive means, by storing
the samples in a chemical environment for 4
months; no change in the mass of the particles was
found. Regarding freezing-thawing resistance,
studies showed that the use of rubber increased
resistance [3].
Due to the high elasticity of rubber, it will
give the matrix the capacity to absorb energy,
thereby the resistance of mortar to cracking will be
improved [1].
The use of waste tire residues in asphalt
paving has been demonstrated to be viable, while
their use in concrete and mortar composition has the
disadvantage of reduced mechanical properties.
However, the performance of waste tire residues in
rendering mortar with cement, which does not
require high strength, still requires further
investigation [1].
2. Material and Method
The recycling of rubber waste in the building
materials industry is an efficient solution, with
beneficial effects both for the construction industry
and for environmental protection and improvement,
allowing at the same time for the protection of
natural resources.
In this context, the research on the use of
rubber waste in order to obtain ecological mortar is
presented.
The materials used for the experimental part
are Portland cement 32.5, sand with 0-4 mm
granularity, water, rubber with 0-4 mm granularity.
The study was performed in two mortar recipes
whose composition is shown in table 1.
Table 1. The mortar recipes
Cement Water Sand (0-4) Rubber waste (0-4)Recipe [kg] [l] [kg] [kg] [%]
I 500 250 1125 375 25
II 500 240 775 775 50
The method for the preparation of mortars
with rubber waste consists of:
- grinding of rubber waste;
- weighing of materials according to
the recipes;
- homogenization of materials with
the mixer;
- casting of test tubes (4x4x16 cm
prisms and cubes with the side length of 7
cm).
Rubber waste grinding is currently performed
by several grinding procedures: at ambient
temperature, cryogenic, and in a wet environment.
The grinding at ambient temperature of
used vulcanized rubber products has many
inconveniences: low efficiency, high energy
consumption, impossibility to preestablish the size
distribution of crumb rubber, impossibility to grind
tires with metal insertions, as well as noise, smoke
and gas emission.
Cryogenic grinding is the only possibility of
grinding tires with metal cord and allows to obtain
smaller size particles with more uniform size
distributions. The disadvantage of this method lies
in the freezing of the tires. This procedure that uses
liquid nitrogen as a cooling agent involves high
thermodynamic losses and important energy
expenses.
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Grinding at ambient temperature in a
liquid environment is aimed at obtaining finer
rubber granules. The procedure involves the
introduction of 0.4÷0.5 mm crumb rubber in a
liquid, usually aqueous environment, and grinding
between two grinding discs with a very small
distance between them, which results in crumb
rubber with sizes smaller than 20 microns.
The study used granules of ground rubber
with a 0-4 mm granularity.
Physico-mechanical and fire behavior
determinations were performed after 28 days in test
tubes cast and stored according to standards during
this period.
3. Results and Discussions
The following physico-mechanical
characteristics were determined in the test tubes: the
apparent density of set mortar, bending and
compressive strength, adhesion to the support layer,
water absorption by capillarity, and fire behavior.
The results obtained following the physico-
mechanical determinations are synthesized in table 2.
Table 2 Technical characteristics obtained
Apparent
density
Adhesion to the
support layer
Bending
strength
Compressive
strength
Water absorption by
capillarityRecipe
[kg/m3] [N/mm2] [N/mm2] [N/mm2] [Kg/(m2*min0.5)]
I 1852 0.25 3.7 20.8 0.18 / W2
II 1150 0.2 1.35 11.6 0.1 / W2
Table 2 shows that the apparent density of
rubber mortar test tubes is strongly influenced by
the rubber percentage used. Recipe I with a 25%
rubber content fits in the category of heavy mortars
and recipe II with a 50% rubber content, in the
category of light mortars.
The adhesion to the support layer values of
rubber mortars are relatively low; however, mortar
based on recipe I has comparable values to classic
mortars.
Following tests, a significant reduction of
mechanical strengths was found with the increase
of the amount of rubber used. Thus, the doubling of
the amount of rubber resulted in a two-fold
reduction of compressive strength and a three-fold
reduction of bending strength.
From the point of view of mechanical
strengths, these mortars can be used both as
masonry and plaster mortars.
Figure 1. Test cube tested for compressive strength
Figure 2. Prism residue tested for bending strength
Figure 1 shows that following compressive
strain (uniformly distributed force), the test tube
maintains its volume by decreasing its size along the
direction of the force and by increasing its size
along the perpendicular direction of action of the
testing force. The test tube does not disintegrate
although cracks occur. These phenomena can be
explained by a good dispersion of elastic rubber
granules in the mortar mass and a good interaction
of these with the other materials in the mortar.
Figure 2 shows that following bending
(concentrated force), the break of the test tube is
non-uniform due to the separation of rubber
granules from the mortar mass, without their
sectioning being noticed.
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Following the determination of water
absorption by capillarity, the following mean
coefficients of water absorption due to capillary
action were obtained: 0.18 Kg/(m2 x min0.5) for
mortar with 25% rubber and 0.1 Kg/(m2 x min0.5) for
mortar with 50% rubber content.
The increase of the rubber amount ensures a
better impermeability of mortar. From the point of
view of water absorption by capillarity, both mortars
are categorized as class W2.
The fire behavior of mortar, when burned
with a gas lamp, is shown in fig. 3.
During the first 60 seconds, the fire behavior
of mortar containing rubber granules underwent the
following stages:
 in the first stage, an increase in the temperature
of the surface in direct contact with the flame
was seen, up to the ignition of surface rubber
granules (fig. 3a);
 in the second stage, even if the direct flame was
removed, the burning of surface rubber granules
continued until their carbonization (fig. 3b);
 in the third stage, during the carbonization of the
superficial layer, there were strong choking
smoke emissions that stopped after the complete
carbonization of the layer (fig. 3c).
a) b) c)
Figure 3. Stages of fire behavior of the test tube
From the point of view of the ignition of
mortar, the following were found:
 after 60 s, a protective carbonized layer was
formed on the surface in direct contact with the
flame. When acting again with a direct flame on
the carbonized layer, it was seen that the material
did not reignite in that area and there were no
more smoke emissions (fig. 4b);
 in the sample subjected to the burning of the
edge, like in the case of the action on the front
surface, self-supporting flames, smoke
emissions, as well as material detachments were
seen;
 the thickness of the carbonized layer in the
action center of the flame was about 7 mm
(fig. 4c).
a) Rubber mortar test tube b) Test tube burned with the gaslamp for 5 minutes
c) Cross-section of the burned test
tube
Figure 4. Test tube subjected to the determination of fire behavior
ACIU Claudiu /ProEnvironment 6(2013) 479 - 483
483
It was found that after 300 s, the mortar
subjected to the direct action of the flame from the
burner (~1000°C) allowed to place the hand on the
opposite side (fig. 5). This demonstrates that the
material is a good thermal insulator.
Figure 5. Test tube burned with the gas lamp
4. Conclusions
Rubber waste can be used depending on
granularity for the manufacture of building materials
such as products for sound proofing, rubber
membrane water proofing, sports ground paving,
rubber floors, asphalt additions, etc.
Following the research performed on the
manufacture of ecological mortars containing rubber
waste, it can be seen that the optimal proportion of
rubber granules in the mortar recipe ranges between
25% and 50%.
The obtained mortar has an apparent density
varying between 1150 – 1852 kg/m3 and can be
assigned depending on its compressive strength to
class CS IV, while in terms of water absorption by
capillarity, it is categorized as class W2.
With the increase in the amount of rubber
granules, the density of the material decreases due to
the replacement of the aggregate by a lower density
material and impermeability is improved, which
recommends it for mortars used in a wet
environment.
The disadvantage consists of the decrease of
mechanical strengths, as well as a worsening of the
fire behavior of mortars.
From the point of view of ignition by direct
flame contact, rubber granule mortar has a very
inadequate behavior  during the first  60 seconds,
burning with a flame and releasing a black choking
smoke, which does not recommend it for interior
plastering, but it can be used for exterior plastering,
having good thermal and sound insulation qualities
and being impermeable.
The technology for the production of rubber
granule mortar is non-polluting and does not involve
a high energy consumption.
The results obtained in this study open the
way towards new recipes aimed at reducing even
more the proportion of Portland cement, which has a
high embodied energy, by using substitutes for it,
without affecting the characteristics of mortar that
can even be improved.
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